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(57) ABSTRACT 
Adatabase query optimizer alloWs specifying a performance 
speci?cation for a query. When an access plan is created, the 
actual performance for executing the query using the access 
plan is determined and compared to the performance speci 
?cation for the query. If the actual performance does not 
satisfy the performance speci?cation for the query, the query 
optimizer autonomically generates a different access plan to 
see if the performance improves. If an access plan that meets 
the performance speci?cation is generated, the neW access 

(73) Assignee: INTERNATIONAL BUSINESS plan is stored in the access plan cache for the query. If no 
MACHINES CORPORATION, access plan can be generated that meets the performance 
ARMONK, NY speci?cation for the query, the access plan that provided the 

best performance is selected and stored in the access plan 
(21) Appl. No.: 10/860,402 cache for the query. 
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APPARATUS AND METHOD FOR 
AUTONOMICALLY GENERATING A QUERY 
IMPLEMENTATION THAT MEETS A DEFINED 

PERFORMANCE SPECIFICATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] This invention generally relates to computer sys 
tems, and more speci?cally relates to apparatus and methods 
for optimizing the run-time performance of a database query. 

[0003] 2. Background Art 

[0004] Since the daWn of the computer age, computers 
have evolved and become more and more poWerful. In our 
present day, computers have become indispensable in many 
?elds of human endeavor including engineering design, 
machine and process control, information storage and 
retrieval, and of?ce computing. One of the primary uses of 
computers is for information storage and retrieval. 

[0005] Database systems have been developed that alloW 
a computer to store a large amount of information in a Way 
that alloWs a user to search for and retrieve speci?c infor 
mation in the database. For example, an insurance company 
may have a database that includes all of its policy holders 
and their current account information, including payment 
history, premium amount, policy number, policy type, exclu 
sions to coverage, etc. A database system alloWs the insur 
ance company to retrieve the account information for a 
single policy holder among the thousands and perhaps 
millions of policy holders in its database. 

[0006] Retrieval of information from a database is typi 
cally done using queries. A query usually speci?es condi 
tions that apply to one or more columns of the database, and 
may specify relatively complex logical operations on mul 
tiple columns. The database is searched for records that 
satisfy the query, and those records are returned as the query 
result. 

[0007] Queries that are frequently run may be optimiZed to 
enhance system performance. One knoWn Way to optimiZe 
a query is to build an access plan the ?rst time a query is run, 
then reuse the access plan for subsequent executions of the 
same query. Note, hoWever, that the performance of the 
query may be ?ne at the point in time When the access plan 
Was generated, but due to changes in the database, softWare, 
etc., the same access plan may experience a marked sloW 
doWn in query performance. In addition, because the initial 
access plan is based on an estimate of performance instead 
of on actual execution time, the initial access plan may not 
be a very ef?cient implementation of the query. In the prior 
art, there is no Way for the database optimiZer to detect When 
an access plan performs poorly. Without a Way to specify 
desired performance for a query and autonomically generate 
a neW access plan When the current access plan no longer 
satis?es the desired performance, the database industry Will 
continue to suffer from undue performance penalties by 
continually reusing access plans that provide poor perfor 
mance in executing a query. 

DISCLOSURE OF INVENTION 

[0008] According to the preferred embodiments, a data 
base query optimiZer alloWs specifying a performance speci 
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?cation for a query. When an access plan is created, the 
actual performance for executing the query using the access 
plan is determined and compared to the performance speci 
?cation for the query. If the actual performance does not 
satisfy the performance speci?cation for the query, the query 
optimiZer autonomically generates a different access plan to 
see if the performance improves. If an access plan that meets 
the performance speci?cation is generated, the neW access 
plan is stored in the access plan cache for the query. If no 
access plan can be generated that meets the performance 
speci?cation for the query, the access plan that provided the 
best performance is selected and stored in the access plan 
cache for the query. 

[0009] The foregoing and other features and advantages of 
the invention Will be apparent from the folloWing more 
particular description of preferred embodiments of the 
invention, as illustrated in the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] The preferred embodiments of the present inven 
tion Will hereinafter be described in conjunction With the 
appended draWings, Where like designations denote like 
elements, and: 

[0011] FIG. 1 is a block diagram of an apparatus in 
accordance With the preferred embodiments; 

[0012] FIG. 2 is a block diagram shoWing the details of 
the query access plan cache 127 shown in FIG. 1; 

[0013] FIG. 3 is a block diagram of a prior art access plan 
cache; 

[0014] FIG. 4 is a How diagram of a method in accordance 
With the preferred embodiments for autonomically detecting 
When query performance degrades and for generating a 
different query implementation that improves the perfor 
mance of executing the query; 

[0015] FIG. 5 shoWs a sample query for illustrating the 
concepts of the preferred embodiments; 

[0016] FIG. 6 shoWs three sample tables With sample data 
that represent the tables referenced in the query of FIG. 5; 

[0017] FIG. 7 is a block diagram of an entry in the access 
plan cache in FIG. 2 in accordance With the preferred 
embodiments; 

[0018] FIG. 8 is a block diagram of the entry in FIG. 7 
after the query optimiZer performs method 400 in FIG. 4 to 
generate a better query implementation; and 

[0019] FIGS. 9-14 each shoW different Ways to specify a 
query performance speci?cation for a query in the access 
plan cache of the preferred embodiments. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

1.0 OvervieW 

[0020] The present invention relates to optimiZing data 
base queries. For those not familiar With databases or 
queries, this OvervieW section Will provide background 
information that Will help to understand the present inven 
tion. 
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Known Databases and Database Queries 

[0021] There are many different types of databases known 
in the art. The most common is known as a relational 
database (RDB), which organizes data in tables that have 
rows that represent individual entries or records in the 
database, and columns that de?ne what is stored in each 
entry or record. 

[0022] To be useful, the data stored in databases must be 
able to be ef?ciently retrieved. The most common way to 
retrieve data from a database is to generate a database query. 
A database query is an expression that is evaluated by a 
database manager. The expression may contain one or more 
predicate expressions that are used to retrieve data from a 
database. For example, lets assume there is a database for a 
company that includes a table of employees, with columns 
in the table that represent the employee’s name, address, 
phone number, gender, and salary. With data stored in this 
format, a query could be formulated that would retrieve the 
records for all female employees that have a salary greater 
than $40,000. Similarly, a query could be formulated that 
would retrieve the records for all employees that have a 
particular area code or telephone pre?x. 

[0023] One popular way to de?ne a query uses Structured 
Query Language (SQL). SQL de?nes a syntax for generating 
and processing queries that is independent of the actual 
structure and format of the database. One sample SQL query 
is shown in FIG. 5. The “select count(*)” statement tells the 
database query processor to count the occurrence of data 
values, the “from X, Y, Z” statement identi?es three database 
tables, namely X, Y and Z, to search, and the “where” clause 
speci?es expressions (or predicates) that must be satis?ed 
for a record to be included in the resulting dataset. For this 
particular example, the “where” clause states: “where X.j1= 
Y.j1 and X.j2=Z.j2. The term X.j1 means columnjl in table 
X. In similar fashion, the term Y.j 1 means column j 1 in table 
Y, the term X.j2 means column j2 in table X, and the term 
Z.j2 means column j2 in table Z. Sample database tables X, 
Y, Z with arbitrary sample data is shown in FIG. 6. Thus, the 
query of FIG. 5 will count the number of records where 
X.j1=Y.j1 and X.j2=Z.j2. Note that the query of FIG. 5 is 
expressed in terms of columns X.j1, X.j2, Y.j1, and Z.j2, 
which are columns de?ned on the database tables X, Y and 
Z as shown in FIG. 6. Information about the internal storage 
of the data is not required as long as the query is written in 
terms of expressions that relate to values in columns from 
tables. 

[0024] We assume the query of FIG. 5 is executed. The 
?rst time the query is executed, an access plan for the query 
is generated. An access plan is one way that the database 
manager may process the query. An access plan represents 
one possible implementation for executing a query. The 
access plan may be stored in an access plan cache, which is 
represented as 310 in FIG. 3. The access plan cache 310 
contains one or more queries 125 with their corresponding 
access plans 320. Thus, query A 125A has a corresponding 
access plan 320A; query B 125B has a corresponding access 
plan 320B; and query N 125N has a corresponding access 
plan 320N. In the prior art access plan cache 310 shown in 
FIG. 3, the access plan that is selected to run the query the 
?rst time is typically stored in the access plan cache. Note, 
however, that the access plan is selected based on estimates 
of performance. Experience has shown that such estimates 
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are not always accurate, and the run-time performance of a 
query using a selected access plan may be orders of mag 
nitude greater than the estimated performance. Access plans 
may be rebuilt by the optimiZer when certain changes to the 
database occur. However, the new access plan is still based 
on an estimated performance, not on actual run-time per 
formance. Herein lies two fundamental problems with the 
prior art. First, the prior art does not monitor the run-time 
performance of queries. Second, even if the prior art did 
monitor the run-time performance of queries, it would have 
no way of knowing whether the run-time performance is 
acceptable or not. The end result with the prior art is the use 
of access plans that may have run-time performance that is 
grossly inef?cient compared to their estimated performance. 

2.0 Description of the Preferred Embodiments 

[0025] The present invention avoids the problems dis 
cussed above in the prior art by storing a query performance 
speci?cation with each access plan stored in the access plan 
cache. This query performance speci?cation allows the 
database manager to detect when the performance of the 
query becomes unacceptable. Should the performance of the 
stored access plan become unacceptable (i.e., it no longer 
satis?es the query performance speci?cation), the query 
optimiZer may generate other access plans in an attempt to 
generate one that satis?es the query performance speci?ca 
tion. If no access plan can be generated that satis?es the 
query performance speci?cation, the access plan that pro 
vided the best performance may be selected. In this manner, 
the query optimiZer dynamically and autonomically detects 
when query performance becomes unacceptable, and makes 
appropriate corrections to keep the database performance as 
high as possible. 

[0026] Referring to FIG. 1, a computer system 100 is one 
suitable implementation of an apparatus in accordance with 
the preferred embodiments of the invention. Computer sys 
tem 100 is an IBM eServer iSeries computer system. How 
ever, those skilled in the art will appreciate that the mecha 
nisms and apparatus of the present invention apply equally 
to any computer system, regardless of whether the computer 
system is a complicated multi-user computing apparatus, a 
single user workstation, or an embedded control system. As 
shown in FIG. 1, computer system 100 comprises a pro 
cessor 110, a main memory 120, a mass storage interface 
130, a display interface 140, and a network interface 150. 
These system components are interconnected through the 
use of a system bus 160. Mass storage interface 130 is used 
to connect mass storage devices, such as a direct access 
storage device 155, to computer system 100. One speci?c 
type of direct access storage device 155 is a readable and 
writable CD RW drive, which may store data to and read 
data from a CD RW 195. 

[0027] Main memory 120 in accordance with the preferred 
embodiments contains data 121, an operating system 122, a 
database 123, a database manager 124, one or more database 
queries 125, and a database query optimiZer 126. Data 121 
represents any data that serves as input to or output from any 
program in computer system 100. Operating system 122 is 
a multitasking operating system known in the industry as 
iSeries; however, those skilled in the art will appreciate that 
the spirit and scope of the present invention is not limited to 
any one operating system. Database 123 is any suitable 
database, whether currently known or developed in the 
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future. Database 123 preferably includes one or more tables. 
Database manager 124 provides an interface to database 
123, processing queries and returning the query results. 
Database query 125 is a query in a format compatible With 
the database 123 that alloWs retrieval of information stored 
in the database 123 that satis?es the database query 125. 
Database query optimiZer 126 processes database query 125 
to optimiZe database query 125. Database query optimiZer 
126 includes an access plan cache 127 that stores access 
plans and corresponding query performance speci?cations 
in accordance With the preferred embodiments. Details of 
the access plan cache 127 in FIG. 1 are shoWn in FIG. 2. 
Each entry in the access plan cache 127 includes the query 
125, a performance speci?cation for the query 210, and a 
stored access plan 220. Thus, access plan cache 127 includes 
an entry 125A that corresponds to Query A, the performance 
speci?cation. 210A for query A, and the stored access plan 
220A for query A. In similar fashion, an entry 125B that 
corresponds to Query B includes a performance speci?ca 
tion 210B for query B, and the stored access plan 220B for 
query B. Other queries may also be stored in the access plan 
cache 127, as shoWn by entry 125N that corresponds to 
Query N that includes a performance speci?cation 210N for 
query N, and the stored access plan 220N for query N. Note 
that the main difference betWeen the access plan cache 127 
of the preferred embodiments and the prior art access plan 
cache 310 shoWn in FIG. 3 is the presence of the query 
performance speci?cation for each entry in the access plan 
cache 127 in FIG. 2. This difference alloWs the query 
optimiZer to autonomically determine When the performance 
of the stored access plan becomes unacceptable. Once the 
query optimiZer determines that the stored access plan in the 
access plan cache does not meet the query performance 
speci?cation, the query optimiZer may use the query imple 
mentation generation mechanism 128 (FIG. 1) to autonomi 
cally generate a different access plan that provides improved 
performance in executing the query. The query implemen 
tation generation mechanism 128 generates one or more 
different access plans in an attempt to generate an access 
plan that meets the performance speci?cation for the query. 
Should the query implementation generation mechanism 
128 fail to generate a query implementation (or access plan) 
that meets the performance speci?cation for the query, the 
query implementation generation mechanism 128 may 
select the query implementation that yielded the best per 
formance. In addition, the query implementation generation 
mechanism 128 may change the query performance speci 
?cation if no query implementation is generated that satis?es 
the query performance speci?cation. One suitable Way to 
change the query performance speci?cation is to use the best 
performance to generate a suitable query performance speci 
?cation. 

[0028] While database query optimiZer 126 is shoWn in 
FIG. 1 to be separate from the other items in main memory 
120, it is also Within the scope of the preferred embodiments 
to include the database query optimiZer 126 as part of the 
database manager 124, or as part of any other computer 
program. In addition, the access plan cache 127 may be part 
of the query optimiZer 126, or may be separate from the 
query optimiZer 126. 

[0029] Computer system 100 utiliZes Well knoWn virtual 
addressing mechanisms that alloW the programs of computer 
system 100 to behave as if they only have access to a large, 
single storage entity instead of access to multiple, smaller 
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storage entities such as main memory 120 and DASD device 
155. Therefore, While data 121, operating system 122, 
database 123, database manager 124, database query 125, 
and database query optimiZer 126 are shoWn to reside in 
main memory 120, those skilled in the art Will recogniZe that 
these items are not necessarily all completely contained in 
main memory 120 at the same time. It should also be noted 
that the term “memory” is used herein to generically refer to 
the entire virtual memory of computer system 100, and may 
include the virtual memory of other computer systems 
coupled to computer system 100. 

[0030] Processor 110 may be constructed from one or 
more microprocessors and/or integrated circuits. Processor 
110 eXecutes program instructions stored in main memory 
120. Main memory 120 stores programs and data that 
processor 110 may access. When computer system 100 starts 
up, processor 110 initially eXecutes the program instructions 
that make up operating system 122. Operating system 122 is 
a sophisticated program that manages the resources of 
computer system 100. Some of these resources are processor 
110, main memory 120, mass storage interface 130, display 
interface 140, netWork interface 150, and system bus 160. 

[0031] Although computer system 100 is shoWn to contain 
only a single processor and a single system bus, those skilled 
in the art Will appreciate that the present invention may be 
practiced using a computer system that has multiple proces 
sors and/or multiple buses. In addition, the interfaces that are 
used in the preferred embodiment each include separate, 
fully programmed microprocessors that are used to off-load 
compute-intensive processing from processor 110. HoW 
ever, those skilled in the art Will appreciate that the present 
invention applies equally to computer systems that simply 
use I/O adapters to perform similar functions. 

[0032] Display interface 140 is used to directly connect 
one or more displays 165 to computer system 100. These 
displays 165, Which may be non-intelligent (i.e., dumb) 
terminals or fully programmable Workstations, are used to 
alloW system administrators and users to communicate With 
computer system 100. Note, hoWever, that While display 
interface 140 is provided to support communication With 
one or more displays 165, computer system 100 does not 
necessarily require a display 165, because all needed inter 
action With users and other processes may occur via netWork 
interface 150. 

[0033] NetWork interface 150 is used to connect other 
computer systems and/or Workstations (e.g., 175 in FIG. 1) 
to computer system 100 across a netWork 170. The present 
invention applies equally no matter hoW computer system 
100 may be connected to other computer systems and/or 
Workstations, regardless of Whether the netWork connection 
170 is made using present-day analog and/or digital tech 
niques or via some netWorking mechanism of the future. In 
addition, many different netWork protocols can be used to 
implement a netWork. These protocols are specialiZed com 
puter programs that alloW computers to communicate across 
netWork 170. TCP/IP (Transmission Control Protocol/Inter 
net Protocol) is an eXample of a suitable netWork protocol. 

[0034] At this point, it is important to note that While the 
present invention has been and Will continue to be described 
in the conteXt of a fully functional computer system, those 
skilled in the art Will appreciate that the present invention is 
capable of being distributed as a program product in a 
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variety of forms, and that the present invention applies 
equally regardless of the particular type of computer-read 
able signal bearing media used to actually carry out the 
distribution. Examples of suitable computer-readable signal 
bearing media include: recordable type media such as ?oppy 
disks and CD RW (e.g., 195 of FIG. 1), and transmission 
type media such as digital and analog communications links. 

[0035] Referring to FIG. 4, a method 400 in accordance 
With the preferred embodiments begins by selecting a query 
in an access plan cache (step 410). The execution time for 
the query using the access plan is determined (step 420). 
Note that the execution time may be an estimate, but is 
preferably the actual execution time for an execution of the 
query. The execution time is then compared With the per 
formance speci?cation for the query that is stored in the 
access plan cache (step 430). If the performance speci?ca 
tion for the query is satis?ed (step 440=YES), the access 
plan is stored in the access plan cache in the entry corre 
sponding to the query (step 450). If the actual performance 
of the neW access plan is considerably better than the current 
performance speci?cation, the performance speci?cation for 
the query could also optionally be updated (step 452) to 
re?ect the better performance of the neWly-generated access 
plan. At this point, method 400 is done. If the performance 
speci?cation is not satis?ed (step 440=NO), and if there are 
more access plans to try (step 460=YES), a neW access plan 
is generated for the query (step 470), and method 400 then 
loops back to step 420. This process continues until either 
the performance speci?cation is satis?ed (step 440=YES), or 
the performance speci?cation is not satis?ed (step 440=NO) 
and there are no more access plans to try (step 460=NO). 
Note that step 460 does not imply that every conceivable 
access plan must be generated (or tried). If the optimiZer can 
determine that the remaining access plans that could be 
generated Will be more inefficient than those already gen 
erated, the optimiZer may determine that there are no more 
access plans to try (step 460=NO), even if there remain 
access plans for the query that have not yet been generated. 
If the performance speci?cation is not satis?ed (step 440= 
NO) and there are no more access plans to try (step 460= 
NO), the access plan With the best performance is stored in 
the access plan cache (step 480). In addition, the best 
performance may be used to generate a neW performance 
speci?cation for the query (step 490). Note that step 490 is 
optional, and therefore need not necessarily be performed. 

[0036] Method 400 may be performed at any suitable time 
Within the scope of the preferred embodiments. For 
example, different query implementations could be run 
during a calibration run of the database. In the alternative, 
method 400 may be performed at any time, or even every 
time a query is executed. 

[0037] An example noW folloWs that Will illustrate the 
concepts of the present invention. Refer to the query in FIG. 
5 and the corresponding tables in FIG. 6. To execute the 
query in FIG. 5, the query optimiZer must decide on a join 
order for the tables. We assume for this example that the join 
order for the tables in the access plan is X->Y->Z, as shoWn 
in the access plan cache entry in FIG. 7. We also assume for 
this example that the performance speci?cation is 30 time 
units, Where a time unit is de?ned as the time required to 
probe the database. Suppose the access plan for a join order 
of X->Y->Z as shoWn in the access plan cache entry in FIG. 
7 takes 10 “X probes” Which requires 20 “Y probes”, each 
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of Which looks at Z once, for a total of 50 probes or time 
units. Because the execution time for the query using the 
access plan shoWn in FIG. 7 requires 50 time units, and 
because the performance speci?cation for the query in FIG. 
7 is 30 time units (step 440 in FIG. 4=NO), the query 
optimiZer generates other access plans to see if an access 
plan can be generated that meets the performance speci? 
cation of 30 time units. We assume that the join order 
X->Z->Y is then generated in an access plan in step 470 of 
FIG. 4. The execution time for the neW access plan is then 
determined in step 420. For a join order of X->Z->Y, there 
are 10 “X probes”, but for each X probe there is only one 
look into Z for a total of 20 time units, and Y is never 
touched. The 20 time units for the neWly-generated access 
plan With a join order of X->Z->Y satis?es the performance 
speci?cation of 30 time units (step 440=YES), so the neW 
access plan is stored in the entry in the access plan cache 
corresponding to the query, as shoWn in FIG. 8. This simple 
example demonstrates that the query optimiZer is able to 
detect When an existing access plan for a query Will violate 
the performance speci?cation for the query, and can auto 
nomically generate other access plans. If an access plan that 
satis?es the performance speci?cation for the query is 
generated, it is stored as the access plan for the query in the 
access plan cache (step 450). If no access plan is generated 
that satis?es the performance speci?cation for the query, the 
access plan With the best performance is stored as the access 
plan for the query in the access plan cache (step 480). 

[0038] The performance speci?cation for a query may be 
speci?ed in any suitable units of measurement. Examples of 
some suitable units of measurement are shoWn in FIGS. 
8-12 by Way of example. In FIG. 8, the unit of measurement 
for the performance speci?cation is “time units”, Which are 
de?ned as probes to the database. The unit of measurement 
for the performance speci?cation in FIG. 9 is an absolute 
time measurement in seconds, such as 100 ms. The unit of 
measurement for the performance speci?cation in FIG. 10 is 
speci?ed in processor cycles. The unit of measurement for 
the performance speci?cation in FIG. 11 is speci?ed in bus 
cycles. The unit of measurement for the performance speci 
?cation in FIG. 12 is speci?ed in disk I/Os. FIG. 13 presents 
an interesting case of a “sliding scale” Where the value of the 
performance speci?cation depends on the value of a target 
execution time for the query. The “target time” is abbrevi 
ated in FIG. 13 as TT. Thus, if the target time is less than 100 
ms, the performance speci?cation is 10 times the target time. 
If the target time is betWeen 100 ms and 10 seconds, the 
performance speci?cation is 3 times the target time. If the 
target time is betWeen 10 seconds and eight hours, the 
performance speci?cation is 2 times the target time. If the 
target time is over eight hours, the performance speci?cation 
is 1.5 times the target time. In essence, the sliding scale 
shoWn in FIG. 13 alloWs specifying different performance 
speci?cations for a query depending on the target time for 
executing the query. 

[0039] FIG. 14 presents another interesting case of a 
performance speci?cation that evolves as the database 
changes. The performance speci?cation can be the arith 
metic mean (or average) of the last N executions, Where N 
is some suitable integer. If the query performance gradually 
degrades over time due to groWth of the siZe of a table, for 
example, the performance speci?cation can also gradually 
change to re?ect the change in the database. Note that the 
examples in FIGS. 8-14 are merely examples, and are not 
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limiting of the invention. The preferred embodiments 
expressly extend to any and all Ways of specifying a per 
formance speci?cation, regardless of units of measurement 
or heuristic used. For example, certain thresholds could be 
set that specify that the execution time for a query Was X % 
Worse than the query performance speci?cation. In the 
alternative, other metrics could be computed such as stan 
dard deviation of execution times that Would cause the query 
optimiZer to only generate neW query implementations When 
something is really Wrong (i.e., When the execution time for 
a query is outside one or tWo standard deviations of past 

execution times). 

[0040] One skilled in the art Will appreciate that many 
variations are possible Within the scope of the present 
invention. Thus, While the invention has been particularly 
shoWn and described With reference to preferred embodi 
ments thereof, it Will be understood by those skilled in the 
art that these and other changes in form and details may be 
made therein Without departing from the spirit and scope of 
the invention. For example, While the performance speci? 
cation is shoWn herein to be a dedicated entry in the access 
plan cache for the query, a performance speci?cation could 
be stored elseWhere. For example, a single algorithmic 
performance speci?cation such as that shoWn in FIG. 13 or 
FIG. 14 could be de?ned for the database manager that 
alloWs on-the-?y computation for all queries Without storing 
values in each entry in the access plan cache. 

1. An apparatus comprising: 

at least one processor; 

a memory coupled to the at least one processor; 

a database residing in the memory; 

a query residing in the memory that references the data 
base; and 

a query optimiZer residing in the memory and executed by 
the at least one processor, Wherein the query optimiZer 
determines performance in executing the query using a 
stored access plan, compares the performance in 
executing the query With a stored performance speci 
?cation that corresponds to the query, and generates a 
neW access plan if the performance in executing the 
query using the stored access plan exceeds the stored 
performance speci?cation that corresponds to the 
query. 

2. The apparatus of claim 1 Wherein the stored perfor 
mance speci?cation that corresponds to the query and the 
stored access plan that corresponds to the query are both 
stored in an access plan cache residing in the memory. 

3. The apparatus of claim 1 Wherein, if the query opti 
miZer generates a neW access plan that satis?es the corre 
sponding stored performance speci?cation for the query, the 
query optimiZer stores the neW access plan as the stored 
access plan that corresponds to the query. 

4. The apparatus of claim 1 Wherein, if the query opti 
miZer cannot generate a neW access plan that satis?es the 
corresponding stored performance speci?cation for the 
query, the query optimiZer selects a neW access plan that had 
the best performance and stores the neW access plan as the 
stored access plan that corresponds to the query. 

5. The apparatus of claim 4 Wherein the query optimiZer 
uses the best performance to generate a neW stored perfor 
mance speci?cation for the query. 
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6. The apparatus of claim 1 Wherein the stored perfor 
mance speci?cation comprises a heuristic expression. 

7. An apparatus comprising: 

at least one processor; 

a memory coupled to the at least one processor; 

an access plan cache residing in the memory, the access 
plan cache including a plurality of entries, each entry 
including a performance speci?cation for a correspond 
ing query and an access plan for the corresponding 
query; and 

a query optimiZer residing in the memory and executed by 
the at least one processor, Wherein the query optimiZer 
determines performance in executing a query using an 
access plan stored in the access plan cache and com 
pares the performance in executing the query With the 
performance speci?cation corresponding to the query. 

8. The apparatus of claim 7 Wherein the query optimiZer 
generates a neW access plan if the performance in executing 
the query using the access plan stored in the access plan 
cache exceeds the performance speci?cation corresponding 
to the query. 

9. The apparatus of claim 7 Wherein, if the query opti 
miZer generates a neW access plan that satis?es the perfor 
mance speci?cation corresponding to the query, the query 
optimiZer stores the neW access plan in an entry in the access 
plan cache that corresponds to the query. 

10. The apparatus of claim 7 Wherein, if the query 
optimiZer cannot generate a neW access plan that satis?es the 
performance speci?cation corresponding to the query, the 
query optimiZer selects a neW access plan that had the best 
performance and stores the neW access plan in an entry in the 
access plan cache that corresponds to the query. 

11. The apparatus of claim 10 Wherein the query optimiZer 
uses the best performance to generate a neW stored perfor 
mance speci?cation corresponding to the query. 

12. The apparatus of claim 7 Wherein the performance 
speci?cation comprises a heuristic expression. 

13. An apparatus comprising: 

at least one processor; 

a memory coupled to the at least one processor; 

an access plan cache residing in the memory, the access 
plan cache including a plurality of entries, each entry 
including a performance speci?cation for a correspond 
ing query and an access plan for the corresponding 
query; and 

a query optimiZer residing in the memory and executed by 
the at least one processor, Wherein the query optimiZer 
determines time required to execute a query using an 
access plan stored in the access plan cache and com 
pares the time required to execute the query With the 
performance speci?cation corresponding to the query, 
Wherein the query optimiZer generates a neW access 
plan if the time required to execute the query using the 
access plan stored in the access plan cache exceeds the 
performance speci?cation corresponding to the query, 
Wherein, if the query optimiZer generates a neW access 
plan that satis?es the performance speci?cation corre 
sponding to the query, the query optimiZer stores the 
neW access plan in an entry in the access plan cache that 
corresponds to the query, and Wherein, if the query 
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optimizer cannot generate a neW access plan that sat 
is?es the performance speci?cation corresponding to 
the query, the query optimiZer selects a neW access plan 
that had the best performance and stores the neW access 
plan in the entry in the access plan cache that corre 
sponds to the query. 

14. A method for optimizing a query, the method com 
prising the steps of: 

(A) determining performance in executing the query using 
a stored access plan that corresponds to the query; 

(B) comparing the performance in executing the query 
With a stored performance speci?cation that corre 
sponds to the query; and 

(C) generating a neW access plan if the performance in 
executing the query using the stored access plan 
exceeds the stored performance speci?cation that cor 
responds to the query. 

15. The method of claim 14 further comprising the step of 
storing the stored performance speci?cation that corre 
sponds to the query and the stored access plan that corre 
sponds to the query in an access plan cache. 

16. The method of claim 14 further comprising the step of: 

if a neW access plan is generated that satis?es the stored 
performance speci?cation that corresponds to the 
query, storing the neW access plan as the stored access 
plan for the query. 

17. The method of claim 14 further comprising the steps 
of: 

if a neW access plan that satis?es the corresponding stored 
performance speci?cation for the query cannot be gen 
erated, selecting a neW access plan that had the best 
performance and storing the neW access plan as the 
stored access plan that corresponds to the query. 

18. The method of claim 17 further comprising the step of 
using the best performance to generate a neW stored perfor 
mance speci?cation for the query. 

19. The method of claim 14 Wherein the performance 
speci?cation comprises a heuristic expression. 

20. A method for optimiZing a query, the method com 
prising the steps of: 

(A) storing a performance speci?cation for the query and 
an access plan for the query in an access plan cache; 

(B) determining performance in executing the query using 
an access plan stored in the access plan cache; and 

(C) comparing the performance in executing the query in 
step (B) With the stored performance speci?cation for 
the query. 

21. The method of claim 20 further comprising the step of 
generating a neW access plan if the performance in executing 
the query using the access plan for the query exceeds the 
stored performance speci?cation for the query. 

22. The method of claim 20 further comprising the step of: 

if a neW access plan is generated that satis?es the perfor 
mance speci?cation for the query, storing the neW 
access plan as the access plan for the query. 

23. The method of claim 20 further comprising the steps 
of: 

if a neW access plan that satis?es the corresponding stored 
performance speci?cation for the query cannot be gen 
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erated, selecting a neW access plan that had the best 
performance, and storing the neW access plan as the 
access plan for the query. 

24. The method of claim 20 Wherein the performance 
speci?cation comprises a heuristic expression. 

25. A method for optimiZing a query, the method com 
prising the steps of: 

(A) storing a performance speci?cation for the query and 
an access plan for the query in an access plan cache; 

(B) determining time required to execute the query using 
an access plan stored in the access plan cache; 

(C) comparing the time required to execute the query in 
step (B) With the stored performance speci?cation for 
the query; 

(D) generating a neW access plan if the time required to 
execute the query using the access plan stored for the 
query exceeds the stored performance speci?cation for 
the query; 

(E) determining performance of the neW access plan; 

(F) if a neW access plan is generated in step (D) that has 
a performance in step that satis?es the performance 
speci?cation for the query, storing the neW access plan 
in an entry in the access plan cache that corresponds to 
the query; 

(G) if a neW access plan is not generated in step (D) that 
has a performance determined in step that satis?es 
the corresponding stored performance speci?cation for 
the query, selecting a neW access plan that had the best 
performance in step and storing the neW access plan 
in the entry in the access plan cache that corresponds to 
the query. 

26. A program product comprising: 

(A) query optimiZer that determines performance in 
executing a query using a stored access plan, compares 
the performance in executing the query With a stored 
performance speci?cation that corresponds to the 
query, and generates a neW access plan if the perfor 
mance in executing the query using the stored access 
plan exceeds the stored performance speci?cation that 
corresponds to the query; and 

(B) computer-readable signal bearing media bearing the 
query optimiZer. 

27. The program product of claim 26 Wherein the com 
puter-readable signal bearing media comprises recordable 
media. 

28. The program product of claim 26 Wherein the com 
puter-readable signal bearing media comprises transmission 
media. 

29. The program product of claim 26 Wherein the stored 
performance speci?cation that corresponds to the query and 
the stored access plan that corresponds to the query are both 
stored in an access plan cache residing in the memory. 

30. The program product of claim 26 Wherein, if the query 
optimiZer generates a neW access plan that satis?es the 
corresponding stored performance speci?cation for the 
query, the query optimiZer stores the neW access plan as the 
stored access plan that corresponds to the query. 

31. The program product of claim 26 Wherein, if the query 
optimiZer cannot generate a neW access plan that satis?es the 
corresponding stored performance speci?cation for the 
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query, the query optimizer selects a neW access plan that had 
the best performance and stores the neW access plan as the 
stored access plan that corresponds to the query. 

32. The program product of claim 31 Wherein the query 
optimiZer uses the best performance to generate a neW stored 
performance speci?cation for the query. 

33. The program product of claim 26 Wherein the stored 
performance speci?cation comprises a heuristic expression. 

34. A program product comprising: 

(A) a query optimiZer that determines performance in 
executing a query using an access plan stored in an 
access plan cache, the access plan cache including a 
plurality of entries, each entry including a performance 
speci?cation for a corresponding query and an access 
plan for the corresponding query, Wherein the query 
optimiZer compares the performance in executing the 
query With the performance speci?cation correspond 
ing to the query; and 

(B) computer-readable signal bearing media bearing the 
query optimiZer. 

35. The program product of claim 34 Wherein the com 
puter-readable signal bearing media comprises recordable 
media. 

36. The program product of claim 34 Wherein the com 
puter-readable signal bearing media comprises transmission 
media. 

37. The program product of claim 34 Wherein the query 
optimiZer generates a neW access plan if the performance in 
executing the query using the access plan stored in the 
access plan cache exceeds the performance speci?cation 
corresponding to the query. 

38. The program product of claim 34 Wherein, if the query 
optimiZer generates a neW access plan that satis?es the 
performance speci?cation corresponding to the query, the 
query optimiZer stores the neW access plan in an entry in the 
access plan cache that corresponds to the query. 

39. The program product of claim 34 Wherein, if the query 
optimiZer cannot generate a neW access plan that satis?es the 
performance speci?cation corresponding to the query, the 
query optimiZer selects a neW access plan that had the best 
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performance and stores the neW access plan in an entry in the 
access plan cache that corresponds to the query. 

40. The program product of claim 39 Wherein the query 
optimiZer uses the best performance to generate a neW stored 
performance speci?cation corresponding to the query. 

41. The program product of claim 34 Wherein the perfor 
mance speci?cation comprises a heuristic expression. 

42. A program product comprising: 
(A) a query optimiZer that determines time required to 

execute a query using an access plan stored in an access 
plan cache, the access plan cache including a plurality 
of entries, each entry including a performance speci? 
cation for a corresponding query and an access plan for 
the corresponding query, the query optimiZer compar 
ing the time required to execute the query With the 
performance speci?cation corresponding to the query, 
Wherein the query optimiZer generates a neW access 
plan if the time required to execute the query using the 
access plan stored in the access plan cache exceeds the 
performance speci?cation corresponding to the query, 
Wherein, if the query optimiZer generates a neW access 
plan that satis?es the performance speci?cation corre 
sponding to the query, the query optimiZer stores the 
neW access plan in an entry in the access plan cache that 
corresponds to the query, and Wherein, if the query 
optimiZer cannot generate a neW access plan that sat 
is?es the performance speci?cation corresponding to 
the query, the query optimiZer selects a neW access plan 
that had the best performance and stores the neW access 
plan in the entry in the access plan cache that corre 
sponds to the query; and 

(B) computer-readable signal bearing media bearing the 
query optimiZer. 

43. The program product of claim 42 Wherein the com 
puter-readable signal bearing media comprises recordable 
media. 

44. The program product of claim 42 Wherein the com 
puter-readable signal bearing media comprises transmission 
media. 


